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1. *ClIDA13 P'40--.ý IN DIOIRUNIC CHEMISTRY IV RMW IM AM

Pages 34 Chang Ch'ing-lien
Cherdztry Department
Pvping University

China has a glorious history and tradition in the study of in-
organic mtter. Ancient alchemists, such as Wei Pai-yeng (Eastern Ran)
of ths 2nd century A.D. and Ko Hung (Eastern Tsin) of the hth century
A.D. peparwd %W inorganic substanoe and observed marous inorganic
cbemi.al reaations. Ancient Chinese inorganic technolog such as China
(3rd cntlawy A.D. The Three Kingdom) and blak powder (7th retury
A.D. ?'ang Dynauty) mnufacturing are well knoum to the whole world.
The modern vestern chastry, uhich started in the last part of the
18th century, yas Initiated by the discovery of gaseous elemnto and
the ertablis!mant of the oxidation theory. The new modern ohemitry
was introduced to China in the Im le of the IM century, ho ,er,
under a seal-feadal and semi-.olonial situation, develp t ms bin-
dered. ?ollwving the revival of nastieal tahvoloe In World War I,
Inorganic chemstry, lMke other branches of che•strj, mde seem prog-
rets. One of the noted saoo]..plisats was the nm metbod for the
Prparation of alkalies Invented by ou Te-pang.

Throughout the vrld, this ancient inorganic heamistry again emed
Its youtbful vlgw In the fourt decade of this 20th cfot=7. It 9u
the wuget deand for Inorganic matrials by stoc enw , eleotromics,
jet te tclicajo otc.,q which promoted the epeso progress of Inorganic

he sry. Eomrer, the situation In Chans was d~tferent. The reac-
tionary cin g 9ý t pai no ettanti to scientific develop-
Imnt, not even to such tr -a dos pgres as ym taking place in in-
organic coestry. It vas not titU the Ci it Party took over a
deade ego that1 Inorganic edMstry as wU as other branches of science
bad pr develop t.

fte folloving are the major factore hich prom the progess of
China's Inwgmlo osae stz'y

1. The ltilsation of Ifineral Resouroes, Espeaally Ro 2lemts.

Prim' to the LUbeation, t1e cn2y rare elemet *iab was glivn
moqb attention we volfrm; bhowevr, no ftnisi prooes was avail-
able In China. The situation has been drastically changed since the
Liberation. The so Yae repor mde by the Departit of Geology based
an their exteve Inveetigation revale that raro element reso•rees
we erea qUawily rich In ca oemtr. Othr industria by-poducsts
twine resdus, Smoketeak ash, abode re•sid , em1mia aqua ftic coke

oessa, ete., are all excelluit eeawee for scattered rare elemnts.
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During the past decade, many rare eloment. have bem- obtained through
refining, and most of thims haye had important effects. in the socialist
const~ruction Vrop of Chizra. The expansion of the national econoW
grest27,pushes for~wad the developnent of rare elimiet chemistry, but
first of anl the refining proceae for rare elements should be impiroved.,
or maybe a new juoeess is ne~esd

2. Advanced eebobology.

Naceeful Ut2iIsatiCSL of atamc an"Wv' electronic teahnology jet
techniques and uui otbere reqvdw. a special kind of inorgad~e mateial
Wdab Incld. redlowty* ol tel stable. Isatopeo, suerpm'w~ slftnts,
rare elamints., high rnwp fuel,, h1gh t4upersture mat~atals,# etc; these
4aeds strongly push faxwe4 the progres. of incrganio P!, Autry. The
situation, in recant yews is pwticular!7 outfatding. Noy rearktable
Waocql~sbans ve e ackdeved during the Initial staep of ase 158
scientitfic research great forward leap; and saW special eprmia

tecniqves AMd no Preparation thcids have also successively bown
developed In the productian proces. The caoclusion Ise that we have
had a good start In this field.

3. The Oreat Forward L~qw of Agrimou1r and IndutPry

Tbmqb~ the ~4Wtlfilaint of the plaft@~7 and
awt Ume Tirst ?ive-Zow Plan (2953-4951) since the LiberaticD, the
predvstlvIty' ofCIna's agricultawe and IndufftrTA is o a solid founds-
tics. The Uav. yewa' dvanee fulfIllvant of the giant Wnas" of' the
Secand five-Tewarim (1958.192) VIii forther --sC, to fe tral'..
do" -delma of U&i piut ty. We be~leve that the wigein 46d
the de'velopg" ;'ooe of' saime. ewe baeosawi7dstwobed by timo-
tVaal tharstare Us terwrd Use of agriculturs and indusftry wIll
deft~itdso stum"". the 4eVsopumt of .aba~try; ot Mdeb Inmwrnio
abadsUT Is a brunc. Inorganic abimmisUy Is not only ftioctb re-
lated to the basc sbadcl Industrys but =14d, alkalies, salt an
shoade fwtlueres also have a omaetics with black sita2st colred
Usta~le, 166sr10tian materials, sta. Moadm fertUli and "adcal
inetAldee A ssppu't agwlo~ultrol industr. Agriculture and industry

a&lso cosan7 '.equt myre fron Increani ab~.SWz; theowae a
regarilsese of %toter the demnd is qualitative or qnmAAntsUtatv. or
O"M if AAS inVOl'w the ani Of nw Items all ill stiftLlaet
ireseeweh In iaeSud~e aoalaUTr.

is.Ssm ftif* ?1Uidn and Soviet Usm ,t10

In WA5 a ijhysa (19%6426?) sSAtIflo teotid1cw develap~t
lftwege" ;Ua -O Iryd It Indloas" t"e five direcoticn that ow

magmc b~~7 ii filvin th uue 1 ae lot abowsta7,

d2.



(2) odstry of cowqax jwoductes (3) inorgeno synthes (4) pbys-
ical abs try ana3',a, end (5) isotope chemastry. The eplanation
attached to ea& Itm gives good refer'en to our researcb workers.

Theo development of China'sa senme and technology camot be
se-arsaed from the brotherly anvista, ,e9 given by the Soviet Union. In
29% and 19S6, Soviet acadmitions Ta-na-ne-yeb-fu and ?u-er-fu-ko-wei-
chi visited Chlna swn esively,, and off ared veluxble ormation on
the demlopmant of inorgani chemistry. In 198, China and the Soviet
Union sined en qareemt to carry out jointly •ignificant scientific
research, end the Soviet on vifl also help China to carry out such
research projects. Saw 122 items ve decided in the agreaent for
Ntwe, cooperation. Inwganic chemistry research is definitely pro-
moted by this agree t. leside@* w are getting osaistano. from
othwr brotherly countries.

During the past deades, mwq satisfctowy accomplismnt have
been seowed ii the field of inor-gnio cbedastryj al•thouh these
eccomplistats are iatial, neverthelms the foundation of future

develomot has been establshed.

Ran" su1at cowdH2mer

The major vwok In thi.s field Isa the refinI"g of mineral rocks and
other -eem as, We bave sucoeeded in the study of the poose for
2.1ht - eselaamt, rare earth olsinta, hardqmltlng re elesamets
disperse ents end elements of the platint fily. u'. work has
been dome an waifrom beomae It Is speca.ll rih In ow ountry. We
he tried n different prooseese to obtain pe tungstio acid by
decomposition of blak woltfem atm-wal rook, but the best eethod foumd
so far is to mvet inSdMMI taw e" crysa Into sodim tamgstate
so0,Ltim, pmeoitate as tmgotlo acid aclob winL again be owwwte to

mwxm= twigtAt. wcrys al nd finially the crystal is de~edby
bdtrochlric scid. The tungstio add thus obtained is 99.99- poe W
The coaftiaw of pmeiptati have also beew stuiodl oodivm tmi-
state, soluti Is ocq1wU27 ocanvrted inUO taigatlo soid tons sizbh,
aftw bolled and stalv, Is added to concentr atI b7da'ooh2o.oo cold.
The in result is twgstic acid In yellow poeder form end is easy to
wash and filter out. fte yellw p er cntsein cunly 0.005% Iran. The
detrU = of the tMsto acid Ions has to depend cc hydrochlorio
add becmNe the deaceposition proxeos requirs the action of complxZ
GOOn of chlorim.e * &alo ftafed the p -p =U'em of pbospho-
tu ot el4 and poo3va , um s1d.

pe .o peau.satm end cola rio meothao bavs a31 been Wed
in the eby~al oh U7 et at of rm~ elimets. One of tm erule,
Is the us of Hsdmw 1spe trmn to determine the micro qumtit•ie of
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lmethmeus"4 Wmsei -j, and noodyniia fIn coumi~; end the systematic
q=Uattatlvo amalysts of t~uigtme med molybdanum. We also 1MMoved
the methods med Ua the total mialysis of, rae, earth contents in
fordo rocks and tin rocks wiizih ar, rich in rare mota2s.

CheisryOf !c1M oa-.002mdu

)Yet Ot the vk toa this field is to otucdr coo~sx. cqompouds in
solutlai,* all 9kysical mthods we aed. The method to apew.r the
,varlow s tability canstatmt of complex cqo~mpds by the wse of polaro.
graphlQal MUaf.mv potentiul is Improved. Ika'. accurate, stability
oceetmUt far vWUic pzlfo-qma4 "t.salore secured. The polaro.
yarpbio mthod no,,. that there wre am ocilem ijas of tball0us
QUlfO-GYMOStO with 2, 3 aid 4 ooavdlnation numeres -The use of the

ph method has shOWID that cloup] reactions happen between alka metal
ice. end o- aec binary mad replaced *=cm'boy3 Nad4, which luadi-
Gotte that tUs imlsaUM constantst mwasred by provm chomists With
oadium hy'do or potaseiux wer too bigb, We als used N(CN3)4p9

to nmaee ages the IcaISation constants for inolisi saide ta~rtar
acid, mad ter'roqwlubddvsolad" wone me their Kcocation constants
with sag' thi tUS kInds Of meWtalwm. We also studie the ionisa
tion constats for Nmphanylglyclue acid and 3..-eqabthyaulm a6ttio
olid in ethA alooo&astI solution and their stdiAity contants
with 040W mid mlakel omqa ws. In adl~tsu, we ~WO the ocit
method %q stud Co~lax OR01m In solutions the nW gameel mthod

- d~mtr~dmith leed iodef coqax am q A W-s.

OOur oPtisa staf ataof l low Im based Ch the tbein Of Von-
tinou V#atiM cnm at eM~meanteti an selected differut optical so&
UtIVitOple "Mausi 4011 n retrwuvY lIndex gIVINg dditi'. end
bomldome 14 sieal rrparoptle to st* the ocqawle ree~cti of twteds
amid and law at eapper hIra mod coalt. Who we stu.dld thesqae
re'acton at irem and Wroe..tecohl with the ,- -' -&- I." A- toL
two me eaam WSIMmwe lW jarmmed Me t a 2314i ba heo) grow-
7lloW 06394d PcOaUVO iou at 11b4, anothwae' Is a 103 blue poultIve
ioo at pbm%.9. nohe- of optical dom"Ir e electrlosi- tnfrin
MOgaod to ftdf the OOW= formation reaction beme niltocys~de
radlal =ed fiv-o'eslmee ib dmIn oeeeem olution has peeved
the sads~ees at two ame positive lone$,a to. jial (molyb~oniet oui.-
fcassods rafeal) vad the athe me is 11ha.

One theor Ouses'mia4 -- tI .qmib~lme of oomle low In Polutlin
Is am folloas. we mW eautdir, that the oemputwga inin Is sdobuo Is
vlmila tO *ee'ptAGD aetIm metal inIca lopvvalent. to the aaoarptimn
eoustr at ' -MA moodti and tVe oouima41ý 6uro .Is. Ocvalet
to 0*3step go~tr~ Oda we "W fte lng-11odae equatblo, toexes



the avera0e o011x numbers -and ,their logarithm. As a result v
exproes ,uch properties as poicrographical half-wave poientail, ord.o.-
tion-reduction potental, ertraction percentage, solubility, etc.,
which vary with the concentration of the coordinating 0o6wd by the
FUwlolmg-'leh-ebe equation, an the erpreasion for v&rious equilibrium
o nstants; 0or*-±s-iupplementary to the other.

Lno'Madc synthesi

A major project ts to obtain high purity materials. We have
prepared super Vuwe germanium and uilioo ideih are qualified semi-
conductor usterials; we have also controlled the mthod of belt neelt-
ing and reduction of chlorides with hydrogen. The f(rmer is used to
Prepare elastic hgh-purity antimtW. Both the high vacuum method and
the extractin thod are bag used to wodu• higburity materials.
An iqpvsd 5-pi-tUn ion-=hange method has beow used to separate 15
different rare earth elemmnts to their spectaum pure cmdtion. dany
synthetic projects we deeigned to support the preparation of inorganic
materials. The p•oduction of chemical testing u% •erials has beow in-
creased abiaplys ma ny w item include rere elms test agents and
sPeotr= test agents. A nw regulation governiug test msterials is
being worked ovt.

We we Successful In the identification of chemdcal units. The
so-called Bana.o's mit±qa pontasulfide has been prod as the comowid
system Of MtiN sulf_•l e anmd A sulfa, Insteed of a ohmsoaal wit
acordIng to thero-diffential aalys mad the evaluatim of sulfur
=treated out at 2•00.

Werk has bem developed vw the Influenoe of Rumsia's Ku-er-ea-
ko,-tf tbeory. In m uquemw salt system, fused salt system wld utal
system, work has been c-•red out; in the ,montim, some equipmnts
such a a thw'o-dUlffereatial uawi set-mo, hest balm., phase
mierccope, polwiasd xirecope*, I-q diffreotion wait, estc. a ha
been set up.

In the sttr of sea water, water centel•ag potassim ifom *a,
K, N Cl, md 0 t sp "alt lakee, md /rowa CI, iL0 00, Md HM3
type &USI La p we have SMoseded in ;ofý salt,
preparue potse•am tertillsrs mWd eixt alkai es In Izadwtry.
St•Y the 104V systemss l the We eeotie"s tfor
the euatroaete in = rsfnig p , &mt %be sil~iste
syetemi, the Phase "Ionle for -8 msatd the speed-
'teqm-at•=.Q-,qMt, r , d - t wa metod w be appied

S.. ... i I I~ -I I



in the poduta jacess of Koch quarts glas. In carmeotion with
Mae special featuree of China's iron or*@,, we residuess with flum~rne
sastaints high titalm content and high magasiua content have boew
*tufed. We used a pkVical ohemistwy amalytical mtAid in camection
With pkV. al abo*try and meschamical poperties to studwy the IP*-Wui
syTeUM, bWrM Steel By~tURS, Cr4±'4(0 steel syBste and Crx.I$..4-
steel system. ?be results have uI~ cat practical wasizi In
production. Fwrtha'mwes we have studied systems vith .u elemnts.

A numbe of tri-elsmat systeam with x w 9 positive ions, In-
aludingr W!~r an aYS0bo been -rb-'s the wok

their so l andvhs. , th effects on
the degree of so2*21Uty by ion pairs, and wsom theories on concentrated
solution. We al"so wttsd the Al.Cu4it and Al.C-i s2ia system
with the LXaq dtfrestimw mthod; frem the adstemmo and transtoum-
tics of the cavity$ we be the stwuicture of the iniiulphase
and disco~we'd the supu struetwe.' Also1 In the "lImd AX-Co-i
aystm, we tbwmd the structure rea-0si betu saimtal pamawids,
mid thadr fso3ly p-oduct., mid IdemU-tld the owarrsp 9, Rig transition
pbas. ftam Ag.Aaa4a systeim's slw-pl4n Vbwae disp#m4 wS notioed
omw phse hmpg stmuture. Otbar teoretIcal *tudy Ipol~as tbe-
kin~ets of alloy a'dwred luvessman 1heumitj n wd *tW of Umc-
*0I phasS dl~ms and the statistical the=y of the binary solid
"solUtM.

In the #200troutic seParetlan at gem c Isotoes 0 e ~a
stafed the effect atof hig curet dewity cD the seasimcoeffi-
01mit . " apWatintdm mi~ande1 deluts *0dfatqW!'O~d4 414410%eoYte
2-23 mers/m~ .wrmi dwmidty, and roe t1ost 0e the sspu'stion
soefloMqd t hUwe o*Isiuad Is wao 7v %fab op em ;;;k the Opto
0!tIbaafm Wi Pvrese In ta* 4*'ee BW' poutemta tkaft7p rthi
result Indeeate th peg lty that a high oure dansily aw b*
"usd to astruaghe ela"IINKytIa pro~seI m*mwith 15dm, stSant
0000=0i I1weved thbe JIOM 10,4045o w of11CD

?be -r --qemiasm effect of beM mt w ase cartully tmvwst-
gabed. The o*ýIWity of poboosle bichomst a" *0t~ Iod4d to
the iUftw of wftaay and beavy enter at 2V 0, 1 that the OWfec
puodmed bY WhO mNOed D stM *AM It IS sOftiue huft WStW wsexts
Is, euy aboO t ~SOf the offs"t prode Wy the, ft"* D- atm. $o fa
ag mhe tbedw' Oma statesta h 11taba4 estAe 8ofuc'U athe 0sUtwim
Ice Is Ut~5 hm "0 14m I U I cmo , thOw stef of thm L*W-

tO~4@reaUnt JA heesy entin at roem taU$u e w~v pi It,
tml In Via tiinUws setUdid the tcli C of memIf tba me*s-
fima r""tes uf m cob'pewhg and eclr fe ing wei ems s147flti soluftin.
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The use of a ra;ioactive isotope as an index atoa to peek understanding
about the valence and bcod characteristios and the theory of exchange
rection of metallic arcganc comqpound was probed. We also studied
the isotope exchange of antimony-m-msuithlene and its chloride in
ethyl alcohol solution. The exchange activity measured was 14 kcal/
grpm-molecule. Similar eompounds including antiaony-p-mesitylene and
antimony triphenol have also been studied.

In the analysis of water isotopes, the form of the Cartesian diver
was studied; the most suitable form is the shuttle diver which has the
maximum range for the linear relationship between the up-and-down
speed of the diver and the temperature difference of the "floating
temperature." The range is usually around -0.60. So far as the drop
method is conoernod, the mixture mado of a-chlornaphthalenes and diesel
oil distillatUo fraction with corresponding boiling point is suituble
to meaasur haavy water of all concentrations with an accuracy of 0.02-
0.03%. In the process of total analysis of vary diluted heavy water,
we Used the balance method by passing carbon dioxide throuh sodium
bicarbonate solution to remve excess 0-18 end employed the diver
methd to take Measurments. Among the more than 50C ample from water
sources all over the country, this method h" beon used to detoruins
the contents of send-beavy water and bjogon peroxide in high-density
sam~ples."

Looking back at the devolou t of our inorganic chemstry in the
pest decadse, we believe that today's echievemt from a blank pat Is
WAn due, to the prWes lsadersh of the Party. Prior to the Libers-
tics, there was baically no Inorganic course offered In advanced
scboOls. fut am Inorgi chmstry ha not oe3y become the amber
mne baie coere in choaLstryda wte of gonons universities and

Ite a entheChm it at ebocal eniering collages,
but wa epeamlis.ed omos, such a reser el t ch strys, compla
Ion hsmtU7y, and Inorgenie snthesis have beoo ese-op to train pe.-
claUsed workers. Aad ma advamed collage. are carryin out inorgmAic
studfes Imartmt to the deelope t of our nAtionail eoamo. Large
inorganie reseach projoete re being perforsed In the research in-
stittes at the Aeedew of Science and the Ministry of Checal Industry.
Our *m~P0Wt WWd cur strweg+gi we growing gredually; we should soy
that oW siehvMOto eW great. ,owevar, on the other hand, the
so oom -11t1 we have made so for ore too mall to satisfy the d d
4equestd by the maificent socialist construction prop and the
leap former guided by the light of the gMeeral liAne. Therefor, more
werk Ohoud be carried out by our inorganic ww*ure the following ae
our opiis. We wvlcme discussion.

1. To further associate theory with practical work is the sqper-
1ig0104 toward the development of my science. The speedy icrease of
our national oemiA Is the motivatin force Which pr oIls the progress



of science. II th field of inor 1ni 6h
initiated by the peaceful uses o( atomic"enargy, electronic techniques,
et techniques$ tal alloys, basic chemial. irdustrr, rare elements',
and rich chemical resources are Iamting for. solutions, Therefore, Our

Inorganic chemstry workers must bear in mind the development of Chinats
product~ve power to struggle to complete important scientific tasks
which we vital to our national eoonov. In the meantime, we should
mphasiue theoretical study which is .direct3y related to practical

situatioms. OnV through the proper developinet of theory can prac-
tical production be given powerful guidance.'

2. The development of inorganic cheuistr7 should be a balanced
one. Because of urgency in soe production projects, progress it, the
past was unbalanced. For instance, emphasis vas given to extractionw
of rare elements instead of an the basic chemistry study of such ale-
nemts) no woak ws deme on the synthesis of complex compounds, most
of the work in'the pst wa concentrated on the study of complex corn-
pounds In solution. In the field of inarganic synthesis, emphasis was
an preparation Instead of the study of the properties, structure, end.
reaction theory; the physical chemistry analytical work should be
broader amd deesp,, this is also true with the study of isotoe, Nore"
theoretical woft should be performed. In future developmet, a balanced
over-all situation should be emphasized.

33. In Inorganic reearch,, close oamrdinatich img various branches
aid e chemistry mi phLcal obeximtx7 analysis should keep 0lose
casct wifth seeopmtion, extraction and syntbeivs of rare elemens. In-
organic sn1theas should cloeely maintain contest with rare eleitvt
=4 rich ehemical r•esoe utllization should be ai ed. spWeil

Amportant Is tha the stu of LngnLe chemistry requires the modern
eq 7p7mt and methods from physical chmistry and physics. We should

wide stlob high tampomratm, low tampratvrep high prossure, high
"Tamin, temal setru thwmal baaem , po•iorraphy, electronic

eA eotraol, parmagneti rieonee, leax ,,etie ram anc,
e0astm speetaim, ultravAolet and visible aboorpt•n• spectru., Infra-
red spectrM, 30int isprsion speotranm, X-Crq, electron diffractions
nemtWa diffreation, election micraoecoe m"as spectrograph,, isotopie
makrkin techniqua.'high ina. radiatlcwa, m4 mdern methods and equip-
mt, etc. The expoistw of reoeeerc tools md conditions will enable

as to effsectv,@l Paduse new synthetics and caref~gy and closely
study th properties, structwre and rweKon ohareoteristios of in-
ortani mttere; thoees stae. will be *mno* to imove our under-
suading abeu the teory mnd eomgb to prmote better foundation far
better AtliaatIon.



4. Since ourcountry is a great country with rich resources,.
mineral deposits are scattered everywhere; therefore, great industrial
development will be established at many areas in the future; in order
to satiefy this future trend, many inorganic research centers with
first.-rate experimental equipment should be set-up at many places.
Every center will have its outstanding special topic for study. Each
one should try to reach advanced stonding in the international circle,
and its ability should enable it to solvs' significant problems en-
countered in the development of our national economr. Several research
centers will be grouped together to form the nucleus of a research
network, their work and planning will be greatly coozdinated. Of
course, the development of inorganic chemistry should be under the over-
all planning for all branches of chemistry.

To serve the socialist construction of our motherland enthusiasti-
cally is the most dignified task as well as the greatest luck of we
scientific workers. Inorganic chomists should stand together with
scientific workers of other branches of chemistry and other sciences
and be under the great leadership of the Chinese Communist Party to
develop the highest degree of positive attitude and mobility and to
brave~y march forward.

-- 9-



II. cHINMA'S 16" iO M IN OciC MiISY IN RECO? M

Pages 6-8 Chang Chun-ii
!nstitutg-of Chemistry,
Chinese Acadefy of

Sciences

The progress of organic chemistry in the deca:de since the Libtra-
tion, as with other branches of soiencer has been unpreoedented be-
cause of the unwrring leadership of the Party. Before the Liberation,
the foundation of China's organic chemistry and other industries was
very poor. AU research work in organic chemistry was performed in
connection with the needs of medical fields (such as Chinese drus,
alkaloids, and hor e) and light industries (such as dyestuffs
chemistry, and fiber chemistry); most of the work vas toward the
direction of the sthesis of omtplicated natural compouznd and their
derivatives. 'Therefore, the accomplishemnts in atta. chemistry in
the field of theoetical organic chemistry were the msot noted.,. Be.
cause of the attention and support given.to this branch of qcience by
the Part, the research and industal progress of Q•."a, s. organic
chemistry ha not only beeo leaping forward but also has had ana" -
tative changes. Most of all is the change that occurred in the thinking
of o"r research workers. Their projects which have been closely con-
nected ,dth the twaks of our natioa construction have made a great
contribution.

DwIft the period of the poat two decades, the development of
organic censtry has been mainly in the follwing four areast basic
organic ohestry, the chemistry of high-molecule compound, tle chemis-
try of complicated natural co•aonmds (such as alkaloids, vitamins,
h=mne, and antibiotics) and the chemistry of elementary organic com-
pounds. Since the Liberation, all four fields have been probed.

A. Research on Heavy Org,_ic Synthesis

Neither reearch work nor industries of heavy organic synthesis
Were established prior to the Liberation in China. But after the Libera-
tion, due to practical production demand by such industries as synthetic
rubber, fiber, and plUtic, many urgent tasks which were waiting in.-
mediate action we presented to our organic chemistry workers. Be-
cause of the attention given by the Party and the assistance rendered
by the Soviet Union and many other brotherly countries, work on heavy
organic syntheais was soon quickly developed in myn research institutes
and higher educational facilities. Their growth has been tremendous.
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Th~e ma~r probleir ir, heavy *ý.rgaaic sý"t'&Fsis i-5 to obt~a~r. the
synthet:-'- methad ofl prin~cipal ra -,eriaa, anc atziliary .tr&

isebE(~tanc solver;, -r s tic z etc. )1.E 1ýr m~i ;S Or t2.CI.

cheap and easil, nlctainabke :-aw xtiri~-i `-ucl. as et4--ine, mxri

eaa, b--Prod1~cts of agricu'ture,. air and ..- de~r to, miake impc-rtaxlt

TI-e stud4y of heavy crgani.c yythic: cmpowrds from ethine
didn't steu-t w.til after the laberzat~iar; -,. aterj~e! of projects have
t'eer~ performed 1ii the past drcidWe, the miost imor-tarnt act:

(1) The Ir.:paratt:).. )--' acc tci I.3,'.v? and s~etone by adding
water t.) eth4i~e2 manjit~ preparation of acetic a.'i~i ~an acetic- anhy-
drida by oxidizing aceta:.'dehyde.

,') The Drr;,arat±"w or etIhy" chloride vn vlnyll chlorlde as
a simple p'astI. 3ub~taflco by aIdLi-g chl.orine an,! hydroger, chloride
to ethire.~

(3) They pre~aratiin of vinyl 3cetate as a !Awirle substance
of polyv-i.yl plastic by addin~g acetic acilI t,., 'Ardine.

(4) 1-)ad &tt i~~d t, , r f-r the preparp-*,v) if
Vt82C ',O~1 3ULC! as simple sz--,arc 9', artif-3rial.

7~ he ?:,thv:.I- 'f ~'rpo~~~-)f etaine, suca:: a.'
ethylr'.ee, -vwtyl cyanide, WAr rph:e

(:~~ :r I.-i~ the ;'toduct. 3f ai ' cetylene,.
a ra~rti~pr syruthesis bXJý.f~L ,j~n~ tco r'-~r1.r

Lorý-o tbe ab: ~~'~rcU'jcsarr :;tll in thC 14ýý,a*trd- st3,?N,
b kuA4.ý m tM P, t voci "oer. 1j t I n t tro*4 ic I~- a) -Padv. The -major re-

4--C!!-

Fe T
d-4
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2. The ili ~ -io f Products fror ',);3 '1reatynent,
The api~atfm the 5 ~~u.s u(:h as '-nr'x

Ph, no" , a:,,-; raphthalte fr 7- a! ta3r rcts t2~. pr.)cez-s
pr~i~r to tz.e Ubcrat;2n was 'imited t: tie sýmalt-cq'dantity U~ie by plhar--
macal, dyestuff, and plastic (Bakelite)- ind-ustries., but these coi.-
pounds have becomie raw rnaterlals for 3ome heAv-y organic synthetic
processfe3 since that I.tia-e.

The st'idy of 1,; vry cirvaxic Byn1the~sli .1., lbcrzene and ncherl.1:
In the vast, the syrit~es4- ýýf t:,ec. fr,.?T brizene was irade by iieanc
3Jf benzen~e sallphoniýc a-cit or chort$b-enzei,.e, and t,ý obt~alh aýýeto)re
from pricylere, the l~atter had to be, hydrated firot to be7ýome Propyl
alcohol ancO ther! have hy--!o-jen rt-ntved by mcans if catalysis process
to get, 3cetane. Necerty` we have succeeded in) u~iLi oxi-lai~tor of
isopropyl ben~zene to obtain Dt'eno1 &nd ar-ctconf-

CF1 CH3  Chi CH3

02 13 H >

Futn-crm.-re, we have als,* sta.died the synthesi.s of nylon-6 sirn-
pie Sl, 'Aaiwe from benzene or p~~

?r'!&ji;ti:)n has beent ataL-ted on phthalic anu-ydride by the wmethrld
otcatc..yt.ic oxidation of naphthalene. Phthalic anhydride is the im-

po-rt.ant raw material for plastic, palzt, pigrment, and dyest-afC in-
du~strIe s .

Wk alio etudied the process lirectly uisirn' coarse naphthalene as
the raw material, which not orly: maintained the activity of t~he cata-
2.y3t, but also innreaseJ the rate of yield of phthalic anhydride. Ir
addition, the ethereal salts of pht~halic acid were also st'zdied.
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knthr~aq'xirnore , wht&-.* is an~ t"!p.rtant i!Ltemcrecdiate for dlye produe-
t1:1n, h~as '.eert P-cd'.:A t ky bo-iling- layer catalytic ox-datior of'L an-
tnwacerr-. The nrc-c-ýs fcr the rpar tion of plastl.c by re'moving
Lydr;) 7 'ý-,: ftho% 'gas als 'bpee- skui(

TheI "*V I'I zt 0r, A. TIC Ult IVra1 Bv'-P r-Od'.1c t .

1-ior to the Ulber~atiýn, tle application-J'~ !cUf fural in our
00)ýY' Wa.i ýid~teo. to: -'vir 4sages, lftt~e war dont1. avo'it, the re-

'."jrl :r t~ie ct-actt-'~ -tOA-s ol ; ifl' - .Theri: vis 110 ar"KAca~-
ti&)rt ot .1t In t~he fteild o.±' rnesv- zygarje c~ie--itry.

Since ',he i~bflratiz~n, especia~ly d-,xir~g tha Dreri-Yý :tf the
g:zpat f 'riard liap, the mt!"&)d of ext,-:;t1.-,n, preparatinr, and

i'PlIcAtion f ty-ur&I as a raw -wterla] 'fr thtr.! .an,'2aet-.-r of nylon
have~ teen st-(died ~'wet

The ea~y org'aric- syr.'%esi.-i witharfkrural is irai~arly fo)r the
?e~naratlor~ -) butane dhicarbo'yflkr acid anid cdi--amirev as the zraw Ma-

'ý for the productior. of n1-on~-55. rhe fn11eowir-g tw,ý methods

(1) Die preparation of furan and .1t~s derivatives by removing
ca-b,bnjvr from flxrfu±ral. FxLran &Md it~s derivativsý-a are the raw -rate-
-Ialo f t-rlon-66:

(1 i - Co, - Ali. normal pressureUZnCj-0r;? 3-.4iO2  (2) Ni-C - Ali high pressure_

(3) N-itmcosearthi, high pressure

(2) F7 § S-) ~2~ -4c

Cl C1

(1) Go-catalyst, high pressure
C1H CE1 CP CH2 Q Nt-Al. lo pressuire

---1I N1H (CH.2,) 6 N 2
C1, C (3) Ni-A',. normal pressure



(2) The preparati1on of ruccinica &rhytdride from the oxidation
and rei'ction product. o& furfural-

CHCCJ§B • .•...

ciln - _ CHOH CH2COH

/ G" (both Iirectiorn)

The re3ource of castor oil in China is very rich; it had been
used before the Liberation to prepare octyl alohoi an. methy1 heryl
ketone by the procezs of* saporiication eracking and to prepare heptal-
dehyda, htptyl aelchol and other products th-ouL'h hot cracking process;
however, no application was adopted fro,-q these cracking products.
Since the Libera4ion, the use of castor oil as a raw materie2 for
nylon has attracted 3ttention everywhere; especially during the period
of the great forward tIap, mwiy research and production •irits have
studied the preparation of nylon-9 and nylon-11.

Satisfactor results have also been achieved on the preparaticn
of 3cetic acid and its derivatives from distillation or fermentation
of agri-cult-xral by-products, the preoaratic- of oxalic acid from saw-
dust, arnd the preparation -3f acetone by fermentation of farm products.

•. The Urilization of Pctroleum and Shale Gil.

Heavy orgwnic chemistry of petroleum vid shale oil didn't
start uzrtil recent years; the main projects include dehydrogenization
of low alkkanes, the extractibn and oxidation of paraffin wax to form
hijh-grade fatty acid and alcohol, and tne application of petroieum
olefines.

(]) De-hydrogentzation of low grads allanes.

Ethylenc-butane and butane-butene gaz mixtures are ob-
tained by cracking ethane on nickel catalyst, dehydrogerdzation on
chromium oxidd-aliinum oxide-potassium oxide catalýysts yields
butadiene.

(2) The application atio e.xtractior of paraffin wax.

After the Liberation, a kind of high-wax-coritent natural
aspbaltiw, from which ozoker-Ite can be extracted was foind in our coun-
try, the ozokerite can be made into various kinds of products such as
vaseline after purification. Medium scale experiments have been per-
formed to prepare acetic acid by paraffin wax oxidation.
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(3) The utilitation of petroleum lefines.

Alcohols can be made by hydrolysis of low-boiling distilla-
tion fraction of petroleum, the polymsrisation reactiop starting from
ethylene propylene have also been studied. Olefina (RCH-CH 2 ) from shale
oil can be used to prepare detergent (R-CHMe-OSO 3Na).

5. The Utilization of Natural Gas.

China has very rich natural gas resources. Recently survey
work was carried out by a group of scientists. Most of the activities
on the utilization of natural gas as raw material for organic synthesis
have been concentrated in recent years on the following projectes
(a) the oxidation of marsh gas to form formaldehyde; (b) chlorination
of marsh gas to form methyl chloride; (c) formation of organic compounds
containing fluorine from synthesis of marsh gas; and (d) the preparation
of ethine by hot cracking marsh gas.

6. Application of Water Gas and Carbon Dioxide

Prior to the Liberation, no work was done on the organic
synthesis using water gas, After the Liberation, because of the syn-
thesis of petrolem work, initial study was carried out on that subject
in the period from 1950 to 1%2, and some experiences were collected on
the synthesis of water gab. Later on, by the use of catalysts from
steel smelting, the yield rate was greatly improved and the results are
much higher than the results from similar type research published by
other literature.

The synthesis of carbonyl chloride from carbon monoxide and air
hes been under large-scale xperaKmntation. As for the synthesis of
heavy organic compounds from 6arbon dioxide, only urea was studied in
this country. The use of catalysts in heavy organic .synthesis has
greatly improved the reaction rates; in those reactions such as oxida-
tion, de-hydrogenation, hydrogenation, addative reactions, hydro3ysls,
and alkyd compounds, we not only use catalysts, but also probe the
theories behind them.

B. The SLV of Natural Organic Comounds and Pharmaceutical Chemis#7

China has vast land and rich resources. Natural organic compounds,,
therefore, are plentiful. Prior to the Liberation, people were working.
aimlessly, disorderly, and unrealistically. Since the Liberation,
people have clearly learned that the aim of research Is for production,
end theory shou2d be tied in with praoticality. Based on these prin-
ciples, the research progrees of pharmaceutical chemistry and natural
organic compovnds in a short period of time has solved many practical
problems
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The problem confrointed in the productign of .antibiotics, such as
peni•illin, aocuoqin, chloromycetin, and stroptoycin were solved
shortly after the Liberation, and actual production got underway. Pre-
parstoy work has also been started - n new. antibiotic products. In
addltion, in order to serve the pasturage industry, work on the develop-
mont of veterinary ant•biotios. has bee conducted. on. a widespread basis.

In the prepation of horames, we have prepared in a very short
period ae than ten kinds of important hormoea which are vital to
the health of mankind, such as yellw ketones, ete., and others have
alrea boon put into production., The preparation of Ko-Ti-eug is now
under large scale nxperientation.

The imrovement over the direction of developmnt and methods of
production of vegetable alkaloid -ad other vegetable products started
g8aiduall after the Liberatign. For instance, the study of pharmaceuti-
cal plants or vegetables used to be started whenever crystal form
could be extracted, no attention was given to the effects of such a
study; but now emphasis has been given to the possible separation. of
the offective constituents of such itme, and further study wil depend
upon thi ana2ysi. FurtUmhem ,e chemists in the past didn't want to
be bothered by the tpes and--origins of various plants which they were
using, therefore, frequently it was not possible to repeat and prove
Of W.x eRit because of the une-o .rong plpnt.; this discrepancy has
now ben oliximted by the .eooperation , ng cheists and botanists
who handle idomtification work.

wany modemn mthods including ia exIhange color analysis, infra
red ray sp traotry, ultraviolet ray speotrm•otri, etc., have been
adopted to study the separation and structure of the constituents of
natural resorce. The poblmsi studied aro much mor advanced, and
the qUal•rtof the results.bas been much Impwod. So far nan .diff-
ferent tWpoe of vegetable alkaloids such as Tien-ohieb, Ma-hu=nM and
Famg-chi hav, been started with industrial production,.

Sam w4rk has been systematicaly done on the study of the chemis•ty
of trpentino products. Many types of peft s and benzine have had an
effect on our productive construotion.

Under the direction and organisation of the Party, those who practice
medioine* wbo- we agaged In medioal t•eory rea•8 vh, and henmists •ointly
studied &tiblharsl drogs and prepared more than l;OO0 drog in -a
short period of three yera. In roemnt-yea -..thekir force h•a.seen
larelpy shifted to the study of diswess sugh ns high blood pIessure
and amser, where effetive gO a4eVlak .we ......
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C. Elamt ora ChemitRsearch

Element organic chemistry is an advanced science in the field of
organic chemistry. The research situation in countries all over the
world is rather impressive, and many accomplishments have been obtained.
Howver, this branch of science was again a blank in China prior to
the Liberation. Since then, research work has been concentrated on
solving sow practical and theoretical problems.

In the field of metal organic compounds, several hundreds of
organic compounds of antimcoy have been prepared during the past ten
years for the purpose of finding some effective drugs to combat
bilharsial disease. Since the Liberation, agricultural insecticides
have been rapidly developed and many effective phosphorous insecticides
are now being prepared. In the meantime, some work has also been done
on the structure of phosphorous organic compounds and their toxic prop-
erties. We also studied mercury organic compounds which can be used as
insecticides, magnesium organic testing materials, and organic compounds
of tin.

In order to produce insulation materials which can stand a high
temperature, organic chemists have studied in the past few years silicon
organic compounds and silicon para compounds.

Fluorine organic compounds research has been carried out in other
countries for a long time, but it is a weak link in China. Shortly
after the Liberation, some scattered work was done on this subject,
but during the past couple of years, especially since the year of
the great forward lesp, the development of fluorine organic compounds
and fluorine para-compounda has bew rapid.

The significant accs pishments of our organic chemistry stem from
the leadership of the Party, the unselfish assistance given by the
Soviet Union and other brotherly countries, and the vigor of our organic
ched ts. During the past decade, our great and eminent party has not
only led the political and economic activities in China, but has also
correctly led scientific work. In the early stage after the Liberation,
scientific workers were directed to tie in science with production and
practicality so that research can serve production in a more efficient
wa., Fonowing the initial stage of development, coordination and
planning meuge as the most important tasks. In Li56, the first planning
and regulation. for science in China's history were dramw up, proper
coordination amng related research units was organized, and appropriate
cooperation and division of work wore established umog the AcadeaV of
Sciences, hige educational facilities, production units, and local
organsations. In the meantime, research work has been systematically
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oeiled out according to plan. After the re,tafioation o9apgn,.
scientific workers criticized and overcame individualism, gave up
what used 'to be the iUAU,.l.uti oolloe-etyle-rosarch, -peositively
deToted themselves to socialist construction activ:ty, .ad happily
shouldered thoseotasks that are awe oloseo7 comnoeted with produe-'
tion. Anl tese facts contribute to the unpreoodented progreas and
qualitative iMprovement in-the fi.old-of organic synthesis,, .•
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III. CHINAiS PROGRESS IN PHYSICAL CHEMISTRY IN RECENT DECADE

Pages 9-12, 26 Ta'ang Iu-chti,
Han To-kong, and
Chao Y.uo-hsi,
Chemistry Department,
Peiping University

Introduction

Prior to the Liberation, scientific research in old China
received no one's attention; furthermore, since China's cgricultural
and industrial production levels were very poor, the development of
scientific research was impractical, This is also true for physical
chemistry which is a branch of chemistry. At that time, only a few
physical chemists did some scattered and unsystematical research work,
almost all of which was done in foreign countries. Since equipment
was scarce in China, the establishment of any research center was out
of the question. Teaching of physical chemistry in colleges and
universities was comparatively out of date, therefore, very few physical
chemists were trained through these organizations.

Since the Liberation, scientific research work has been given the
most serious consideration by the Party. Under the correct leadership
of the Party's scientific development policy, scientific research work
is booming in this country. The high speed development of the produc-
tion level of agriculture, industry and other branches in our socialist
construction program has been challenging the domain of physical chemis-
try with many urgent problems pending immediate solutions. Of course,
these demands have promotdd and accelerated the research work of physi-
c&a. chemistry. During the past decade, the noted accomplishments in
the field of physical chemistry include high molecule chemistry, chemical
kinetics, structure of matter, electrochemistry, colloid chemistry and
the theory of solution; definite progress has been made in these vital
fields. Furthermore, all work is arranged systematically and is ob-
jective. It generally begins with tackling a practical problem and
gradually moves to a theoretical study. Quantitatively, the work has
exceeded the sum of what had been done before the Liberation; and the
quality of present work is beyond any comparison with the past. Further-
more, modern methods and equipment used in present research have guar-
anteed better results. Up to now, better physical chemistry labora-
tories have been established in various research facilities and higher
educational organizations all over the count-y, and many research
centers established at various important areas of the country have
shomw satisfactory results. A large number of devoted workers are being
trained in various higher educational facilities and scientific research
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organisatimo and they are the decisive factor in the future continuous
development of our physical chemistry. In order to achieve this goal,
the colleges and universities in China are now trying hard to improve
the teaching of physical chemistry.

Of course, looking at the needs of the Party and the people and
the requirments of industry, agriculture and other branches needed to
carry out their development, the present accomplish=mnts in our field
fall far short, and some defects in the development of a better connec-
tion between theoretical study and practical application and in the
effective training of a large nmber of red and expert scientists
should be eliminated.

The following report covers the accomplishments in the various
fields of .physical chemistry during the past decade; since the domain-
of physical chemistry is so broad, work outside of the following topics
but but related to physical chemistry will be introduced under related
headings.

Structure of Matter

There are two divisions of this subject. One is the theory of
cheacal bond and the other is the development of -structure chemitity.•

The theory of chenioal bond studlee the property and behavior of.
the binding force of atowl at the preent time, "we are using the thory
of the movewmt and distribution of electrons to emplain the binding
Inside molecules as. wel as the atomic bindingbetween moleoules, this..
is also connected with the properties of moletles. The study of ohami-
.cal. bond theory in China started during the earl7y stage of the Libera-
tion, work was more on the theory of irreg"lar orbit and the theory of.
internal noleoular spin. Later on, following'the growth of .our re-,
search forces, the theory of molecular orbit, the theory of multiple
electron bond function, and. inter-molecular applying force study were
added.

The folloing are the achlevemets inf the study of molecular
structure and chbameal bond function. We have suggested- tho method
to work out the best bond. function and the matrix method of bond- func-
tion'. so that .the development of irregular orbit theory on the* subjects
of the discussion of bond strength, bond angle, an& bond property and
of the derivation *of bond function cm be fuVther probed. The, caloulam.
tion method for wlti-eleotron bouid fonction.ggented by.us is im- ..
pcrtsnM in the fu1ure devel! opmt of molecule structure theory. , Cyl-in-
drical free electron model has "satisfaotorily explained the absorption
speatrm of starch-iodidea; the use of molecular orbit method to treat
AD2 type inorganic molecules such as M02 and 802 explains the chemical
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bond problem of these miolecules. As for the study of property and
molecul'ar structure., our work hae been more or less concentrtatd on
the problem of internal molecular spin. We have achieved important
results on the potential function of internal spin and the computa-
tion of the terminal dist~ance and average radius of high molecules.
We have also carried out mea-aingful analysis and computation for the
optical activity of cyclo-pent4Lnone, bond energy of alkanes, and ioniza-
tion constants of oxy-acids. On the subject of the in-'%'er-.molecular
applying force., we use our own l/r'L2 double-center apherical-coordinate
equation to carry out over-all quantum uiichanic treatment of Van der
Waal'a force. We also carried out a new computation for the binding
energy of hydrogen bond. In the study of atomic structure and property.,
we have probed the problems concemring the negative electrical potential
of the aton., its magnetic susceptibility., and the energy levels of
electrons inside an atom.

In structure chemistry,. we organizse and collect all data con-
cerning the structures of compounds on the one hand; on the other., we
draw from these data conclusions on the possible forms and features of
combinations by various elements in various chemical compounds, the
relationship between chemical formation and the types of bonds and
structure, and the connection betwean bond and structure types and
various propertien. Since it takes considerable turn to establish ex-
perimental conditions in the study of structure chemistry, our actual
work started gradually in IZ195 but by 1957, our achievements in the
study of crystal structure of alloy., inorganic and organic compounds
have been numrous.

In the study of alloy crystal and its phase change rule., one
example is that in ternary systems, such as the Al-Cu-NI, system,, we
haive found a series of interesting suzperstructures f or I phase and
further studied the factors governing the change of structure, We
have studied in detail the ordered.-disordered Inversion of (Au., Ag)Zn
alloy. In inorganic compounds., the structure of Sb 2S5 and P11S. sulfides
of the nitrogen famiy were studied. In addition., we studi;eahe
properties of the double reaction surrounded sulfurous acid, sodium
bisulifite additive products of acrolein., and the crystal structure of
2-sodium 3-binse inite, From the study of the structure of unhydrous
sodium sulfite, we revealed the disordered distribution of atoms and
the process to realise such disordering. During the past., the structure
of C42Al2Si3 OlO(OH) 2 was never quite understood; not until recently did
we obtain a new 'licyon-Men structure. The crystal structure of
NI(CH 3CHNH 2COo )2 1jE20 is a hydrogmn.bod system "ad of hy'drated water
and a two-water nolecule. The crystal struature of the Intermediate
product of bensonitrile frost Stephen reaction has been determined.
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In the study of the spectrum, except for the satisfactory results
obtained when the absorption spectrum in the ultra-violet region was
seen !mstarnh-iodine compound, the combined scattering spectrum of
benzoic acid solution was studied. We also investigated the electrical
moment of couple of hydroxy silanse and para methyl methacrylate; the
results indicate that the measurement of electrical moment of couple
Is helpful to the study of internal spin of molecules and of the short
riage structure .of high molecule chain.

Chem.cal Kinetics

The principle task of chemical kinetics research is to study the
rate of chemical reactions, the effects of various factors on reaction
rate., and the processes of various typos of chemical reactions. To
control these conditions means the control of reaction rates and to
eliminate non-essential secondary reactions; therefore, the reaction
may follow the pre-set course.

Prior to the Liberation, little knovledge had been accumulated on
this study, except for a fee chemists who did some works in foreign
countriesj in China no work was done. Since the Liberation, the de-
velopment of scienc, under the Party's leadership has been tremendous.
The development of industry, especially the development of our petrole&m
industry, has stimulated the study of chea•cal kinetics In certain
fields. During the past decade, the development of. our chemical re-
search can be divided into the following three areas, ne•ly, hom6gene-
ous kinetics, high-4oleoule reaction kinetics, and heterageneou
catalystic kinetics.

The accomplishments in the study of homogeneous kinetics include
the detailed reaction process of a new kind of hydrogen catalysis from
the esterification of simple acids and simple alochols. Froa this
discove-y, the kinetic equations for such reactions under different
conditions say be recorded and the degree of esterification reaction
under such conditions Way also be detoruinedl this acco lishwment has
cleared the long time argwmt on the meochweim and degree of esterifica-
tion process. In addition, we studied the effect of negative am-no
substitute on the bydro3jsis rate of 2-mino-2-dehydrozy-D-cornsmar.

xperimental results support the theory of Meuberger and others. As
for the theory of aqueous saponification of ethyl acetate in the mixture
of low.-onstitueit dietbylene oxide and water, eperiental results
disagree with the theory of Moelwyn4ughs,, Laidle4yring, and Ands-
Jaffe. The stu of the thermal-iia2lyesi of isopropyl bensene and
hydroge peroxide has sahom us that its thermal decomosition -in
iseproW bensen, is not a puo tXnt rate reaction; this shovs that
the addastdon reaction of methyl mathacrylate belongs to iounsation
type chain reaction, The rate of cemontaon of silica gel has proved
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that Wt& mechanisms in aeid and in alkali are different; the photo-
chemical reaction and oxidation of 802 in atmosphere in indnetrial
areas were studied; we also:found the activation energy of the reactiOns
between olefinee and QCl4, HCel3 , 'SiClh, and HSiCl. We also studied
the kinetics of combination between o-toluidine and p-aitrosopheno1
and the Men t.shu-feb-chin reaction. -

High molecule chemistry is the branch of science developed very
rapidly in recent years, its research has very important practical as
well as theoretical significance. Since the Liberation, some'accom-
plisbmsts have been made in the study of kinetics of polyaddition
and polycondensation reactions in the pysical chemistry side of high
molecule chemistry. Polyaddition action of high molecule is a chain
reaction which can be divided into free type and ion type; generally
the treatowt of kinetic data for both types are based on the stable
stats theory of BodeiAtaln;we have carried out very careful mathe-
matical analysis of the kinetics of polyaddition and found that Boden-
Stein's theory is applcable to free base type polyaddition reaction.
We also studied the competition rate of polyweriation of methyl
mothacrylaU., butyl propionate., oefanthic ether, and vinyl acetate.
On the subject of polycondensation reaction kinetics of high molecule,
almost the entire theoretical field was examined, we pointed out that
the molecular weight distribution of polycondeisation products in the
presenoe of dissociative reaction follows FloryIs theory, -and we also
discuesed the pro"m of goelatinisatAon during the process of poly-
condensatian. We have suggested the hydrogen ion catalystic mechandatu
In the process of poly-esterification of binary acids and binary alcohols;
the kinetic equaLian for the polyesterifloation of UWlple aids and .al-
cohols was proposed u: ver•ied by experment, We have confirmed
the triple-direction polyesterification reactions of poly-basic acids
and alcohols also belong to bydogae.4on catalystic mchanim. By
investigating the relationsip between Molecular structure and reaction
rat. onatants for binary acids and aleohols, we confirwd a basic
hypothesis coerning the reaction kinetics of polycondensation, but
for *Jib there was a lack of etal proof. All these results
have made a dfinite contribution to the study of the theory of high-
molecule polyvcondesaatiom. In addition, the condensation kinetics of
dimtbyl-diettylene-eilene was studied.

In this country the research on heterogeneous kinetics started
froms Woe atalyvt finishing research on the catalytic processes of
sulfuu'ic mid, the syntheis of NE, petroleum olefines, and the
stwthesis of water gas. The fo Aing work on basic moncepts and
theoretical prosentastic hae been performed. First of al-, in the
su e4 Ofa kinetice of peroleam olefines, we used the material
bewc ielationseMp to bring t , reaction rate concept of a static

. 23 I



system to a dynamic systeku, by doing so, ve have reasonably solved a.
basic pr(~besR A& )*tmWegueous kinetibs. We ha** giin d wialed:
analysis.-of .the -FrostA kinetic equation which: is ;often, used, in catali -
yaqc;.Wooking, to .f'Ud.n out' conditians =xder *wbich this iVuation Ndi'3
the olepp. MOVIng Of 4dnsticon. The effects: of -cbrbku*,e&Myst bx
the arm~iea14-,oC o(eptane and the -law govern -the kintetic thebkY`'-
of aromatisation, one of the special smlri'h'b tsei-
uientation of carbon. -The theories of Steiner,, Plot., and Kagan about
the debydogmat&em of. heptane still wset; from the peni'uflte7 dis-
cussion ogt-reeA4ous ohanisu,, -we may admit that thelifshA f taery.
about xqvi4VdogeoatO& mechanism is .Appopriate, . T6, siMW$& the.-
kinetic Oat& fpr-tbe Gesign of an Industrial reaohbt, we'studibd'the
effectfs-of the' resoUat conditions of 120-tr2O3aq4l0O ast&yst on'the
rate of womatisation -adcarbon sediiiuntation -of .-W 7-*ao'bon die-
tiflation %tractiewaot ynthetic gasoline. In-the use.,of-Catalyst
rectifliptian te, produce -aromatic hyrkocarbons fo ,toea we
have the .oonttol Qf.-th neweft platinum method; we have' studied, in
detail .the mutual m.ationship among the reactions and the principle
kinetics theory govguing the -traten~t of pure thyrwarbons by this'
method.* In addition$, we have worked on MoS catil.7st, hyro'genation
of bensquo u-andthe.,knetics of isoinzc chemistry.- In the field of
inorganic .os%&37tic kinetics,, a kinetic equation -hu been obtained
for S02 .oocidtion, 4f vanadium catalyst when the effteUt of wiss trans-
fer 31PROWe IA.- eindnatod and the aot~vity of the-'eatalysat is independ-
out of~ te different ways to reach a reaction condition. This indicates
that the qOfects of the miass transfer procese under different catalyst
grandular.cosaditicas and different temperatures. apon thie reaction rat*
a* GO4oaa 9 We also studie the kinetics of the =ddatidb of '502 an
vansfum Qat&alyt vith promoters containing potaleiig and sodium; fro0m
these reeultit, wes worked out -an approximate kinetic equafton for in- ,'
dustrial vansdium catalysts. . he Inverse relationship boeeen interntl t
surface utiltzation percentage and the conversion ratio, of -Tung.-U
vanqdi= catalyst was obtained from computation. By using the Iii-'
dustrial ;tdorinated "ul process,, we studied the reaction rate' * nd
properties of chlorine and wood in the proces of gas-solidv 'Aft
operatiop'

The major task of electtrochemsdatry is to study the- chemical re-.
"Umten eoditions ^Arules whi~ch -Initiate by- eleWtrioal energy.
Seleotw~lysis) and ta"oftonert CheMIo~alsmergy Int6 blejCtriCal e11111IIargy
chemical source of electrical-sawWy)., Such codversion Is tbroflgb

the use of electrolytdc solution (vr melted'valt).- Some of theýwctlc
an eleotrolytig polution will be in! Nq i 4e1 later -in the section )aon- :~
oerpWng he theory .- *solution. The bst--special features of moderh'
electroahemistry sre. the developmient. at-the electrode process thaoiryV~
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and the wide application of electrochemistry. Electrode process
represents the chemical change that:ocours at the contact surface
between electrode and electrolyte whon the mutual conversion between'
chemical and electrical energies takes place. These electrochemical
processes are vital to the national economy. Since the electrolysis
method is widely used in chemical, metallurgical,.electro-pla.ing, and
metal polishing processes, the chemical electrical source folloving
the wave of high speed development of various scientific and industrial
technologies is getting more important everyday. The methods used in
electrochemical analysis are being widely used in analytical chemistry.

Prior to the Liberation, electrochemical industry in old China
was extremely backward, -which naturally shut down the door for its
research activity. After the Liberation and following the high speed
development of our socialist construction, the old electrochemical in-
dustry was expanded and a new type electrochemical industry has emerged.
The speedy development of the chemical-electrical energy industry
started in the initial stage of the great forward leap. Such progress
has presented electrochemistry with increasing demand. Under the-
correct leadership of the Party's science development policy, electro-
chemists first studied the practical problems vital to the development
of our national economy; following the progress of industries, practical
tasks started to challenge theoretical developmont with a series of
urgent problems pending immediate solutions; this was where research
work on electrode process theory started. Although the work was begun
not long ago, accomplishments are significant.

We have been successful in the study of the mechanisms which are
responsible for the formation of oxygen on the positive platinum elec-
trode and the formation of S2084 at the positive electrode. Both
electrode processes are very important to industry. To the former
mechanism, we have proved the mechanism in dilute H2SO4 at low current
density, suggested the oxygen formation mechanism at high current
density, and carried out theoretical analysis of the oxygen formation
in concentrated sulfuric acid. For the latter case, we have for the
first time successfully separated from the total polarization curve two
independent polarization curves belonging to the %-positive electrode
formation and the S2 0• 2  positive elpctrode formafEen; ws have proved
that the formationiuscasu of S08' is due to direct electrical
discharge of HSOj or 8O4 ions. Based on this root, we further
studied and explained theoretically the cause that industrial use
additivc ions. •ch as F" and r" ral se the" electiical cufrtnt ' effi-
ciency of S 2 0O'formation. We also have %Mde: somf accompishments in
the method of deriving the determinative steps In the "deduction" of
the electrode procees. In addition, a conclusion on the pOsitive-
electrode oxidation mechanism of bensyl alcohol in sulfuric acid
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solution has 'been worked out. The double4ayer die&Mi.ance of the
antimony electrode. wad ;*ieaau-red -by thý alternate *Oillrrent method;j and
the zero-qharge potential of 'aftimony was also measured* for the first
tim. e

Since the Liberation' an~d fo1owing the large pioduction 'rate of',
steel and nonferrous me;&n And tOhe development of mekthanioal -and, chemi-
cal.'indus~txies,. metal corrosion and anti-cor'rosio*n have become exwtremely
important problems * To study the electrode process of. Corrostirs metal
often poindts ;ut the causes for the corrosion, thý" fabt'ors which' von-
trol the.corrosion rpte., and the mechanism and effects of the agencies
which slow down the. rate of c'or rosion'. The usel 61 fthe dleciro~h~udcal
method to'comb 'at Obrrosion is ofteni one of the most effectivef approaches
to this pa'obiem. We have studied the reasons fdr phosphiztea as the anti-
corrosives for mai pganexe steel. "-In order -t6 'sftiiy the anti;-corrosion

proerteeof Rantiaapy-'P ating, we hav dtermined the anti'w-.corrooioh::
properties of antitony 'in' varioug, electr6ltea. 'The corroaive' -act1Low,.:
of svodium ben'soat'e -a'nd 't'riethy; "alcohol benioat upon steel viaestudied
and shown. We have'pointted -out the corrosive- mechanism of Ae2 'Cut*iý
1.""',* de***', anad halogen Ion _' 18.8 italilebs steel.

* on the subjept 'of eliciribchemical instrumexitation study;, ,tve* have
--l~ifted ireyrovskc ' pX69riaphic osc'illographic cirauit. k'ipe

equivalent circuit'gives the same shape *As. "the original cirduit,. ahd.
on oaoillatoiw is'used to, study -the voltageý-current relatiozlahip.On
the theory of oscillographlo polarography, 'we used experimentor to~ verify
the Randles-Sevoik equation and pointed out the discrepancy between the
tl~say ln'te prmntal results. -For the the~ry-*of anod6 pol-aro-.
grapiiy, .we'bave poihted out the mistakes in the reverse polarographioal
cUr;ent equatiWn propoaed, by. Hick" Ing ini 1956* In addition,- -we also
studied some'other electroc~iemdeale analysis methods; we proposed a
"polarograhic~al, titration instrument" using an electroniccict
which adn'be used In oxidation and reduction procbesesi-" The theory.,.
of the double-Olectrode Indicative eleeti-ode current titration method-
was given detailed quantitative discubsion.

In metal Plating., the first 'thing we did was t.O.uýe elements found
abundant in this -country to -replace scaRcz!e-:metal; in~ metal1 platiing. 'we
have studied the polatiisation phenomenian of 'electrýical acoiilUulat-ion of
antimony and the. conditions niecessiary .rbte aiiun plating;'we.
also found a better base sol~tion. for' WftU*Aon pl1atb~i*,' We have" carried,
out a- detailed study abrout the -ionditý,oni fbr'- cobal-t-wolfram' allo y;

uiierjn4ercodi~onO. p~blated. ra'a o~taining w~l-fram up .toa
54&.2% ,opi be electricallypiid' To find at suBbstittit#. for- nikdls 'we'
hawe suceessfully, foundi the con tiflv~*fois t- br~oise,. lAting.
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On the subject of electrolytic preparation of chemical materials
and metal electrical refining processes, we have tried a series of
new methods for the preparation of alkalies and chlorine with electro-
lytic processes. We designed and studied the electrolytic bath and
conditions of electrolysis of KC103 and the technical process of elec-
trolytic preparation of KXO was studied. The preparation of wild,
pear alcohol and mannitol ank the electrolytic reduction process for
corn sugar were also studied. On the su&bject of electrolysis of fused
salts, the effect of adding gFF2 and NaCI to an aluminum electrolytic
bath was investigated. Many rare metals have been prepared with the
fused salt electrolytic method.

The foundation of the chemical electrical source industry inherited
from old .China was extremely poorl there were only two sequences pro-
ducing less than ten items, the techniques used were manual and back-
ward. After the Liberation, due to the rapid development and urgent
demand of various industrial branches, comwication tools, as well as
new scientific techniques, the chemical electrical source industry.
under the leadership of the Party was greatly developed; the initial
research was mainly on the technology side, scientific research has
already been started with limited activities and future development is
urgently needed.

The major development of the chemical electrical power supply was
concentrated on the improvement over the quality of old products and
at the same time increasing new items, For instance, the life span
of the lead battery has been increased from 200 in 1956 .to 300 in 1958.
Due to improvement on corrosion of zinc plate, the discharging period
of the zinc-manganeBe dry battery has been increased from 400 minutes
to 580 minutes. Other new sequences, such as the preparation and pro-
dvction of alkali nickel steel and nickel-cadmium batteries, have also
been added. In addition, we are also studying new and high-energy
batteries, the preparation or production of silver-zinc batteries,
zinc-mercury dry batteries, zinc-6arbon alkali batteries, and iron-
carbon batteries.

A fuel battery which is more efficient than fire electrical power
is now under study.

Prior to the Liberation, research on the theory of solution was
also extremely poor; some people did scattered work. Since the Libera-
tion, new development has been given to this branch of science. The
study of solution theory bears very practical significance to the
chemical industry.

On the subject of "'phase equilibrium of poly element systems, we
have constructed the phase diagram for the ethyl alcohol-nitro benzene-
water and the ethyl alcohol-furfural-water ternary system; we also
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measmi'ed the ctcaponcoaiteaofthe syst~ems. From the.
study of' the distributimon .ceffiaientip f or* 1-ephedri.e' and .mixed
ephedrine in toluene, ;cylol., and 4looe bnin and wit er,, we have'
found the moat appropriate conditio'nis'to extract ephedrine-with the.
continuous solvent. qtraotioni method,. On gas-liquid equilibriu~m, a.
new simpler method to calculate tern*ary system equilibrium data from
binary system for-heptane-toluene-phenol system vas obtained,. We have
probed theoretically the conditions. for the establishment of the. van
Laar ýequation with temperature.. On instrumentation, we .have designed
a very simple gas.-liquid equilibrium prober whose accuracy can be.
compared with more complicated instruments,

We* baised the. situdy of salt solution from the structure point on..
the Samoy~lov theory; the sollubility. or NaHC0y.KHCO -8 0O KSCN.K4a- 20,
and KCI"K2 S0O4-H20 was studied, these results have ýielped- tq- explain the
structure. of. salt'solutions,. By the use of. the conductivity and eloc-.
tridial potential measured from'.the water solution of sodium salt of u-IM
decylic acid., we'ar.6 sure tligt there 'i*s no, association phenomenon in
the undecylic.acid radicala.' )'urthermore, we have conducted an over-*
afl1 measurement ~of',conduct4vitr of.xiaphthyrl.-mine hydrochloide',, N"
methyl aniline., and N-ethylaniline in water' and diethylene oxdide-mized.
solution.

In a, study of salt effects from the research on the effects of.-.,
larger cation., and 'aniins p the, solubility in water of non-electro-..
lytic.e napbhtalefie, normal-* valrSc acid gmd naormal caproic acid mole-"
culesý we. -pointed. ou that. thO. van der Wakals-Li~don disppersion action.
theory maygive deftinite ixpjmiiaio of tthe ..slt eff ec~t of salt with
comparatively largrik ions .on non-polarizsed. molecules (ahhln)
however, for organic.cacids, .replaaement chemical, reactions. and. poet.-
reaction disf~r±'pution shou'ld be considered first. .

Furthermorej,'from muhexperimental, .data,_ we. -have concluded .the
study on salt soltition temperature coefficients, salt structure, a4nd.:
the empirical rule on the directional relationship of crystal water
and ionic valence,, -Ad obtained the. empIrIcal rules for-the determina-
tion of the strength of inorganic oxy-acids and their moilecular struc.-
tures. Furthermoe, we also calculated the hydrolysis of acid salts
formed from the reaction of strong alkali 'es and weak..;cids.and discvzssed
the-domain of application of common ion effect equaion.M

Colloid Chemistry

There is no real clear division about this branch of chemistry., it
is a rather ,broad secience... Here we will on2y discuss ,hiLngs-related to
traditiomal colloIA chevlstry and seu~ceissul. applications ofq Molid-
chemistry v±hhr bogt.satief actory solmti~ons ,to those picklim..
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,On the subject of surface tension- and absorption research, theoret-
ical calculation and empirical equations about purface tension for many
liquids and liquid metals have .been. worked out separately. On the
subject of gas absorption, a series of studies concerni.ng the absorp-
tion of steam of N2, C02, CH39OH and hexa-carbon hydrocarbons by silica
gel of different size porouses was carried out; molecular absorption
state and the absorption potential of different silica gels were
analyzed. To coordinate the research on catalystic cracking, the
absorption of alkali nitrogen compounds on catalysts was measured;
from these results, we believed that besides acid centers, there are
also polarization centers on the surface of catalysts. On auto-solu-
tion absorption, we studied surface teneion and absorption of the fat
ammonia water solution. The study of mixed acid solution absorption
has revealed that the surface absorption of sugar carbon is not a
simple substitution mechanism. The study of absorption thermodynamics
has given us the simplest method for a solution to absorb free energy
and proved that the rules govern the absorption in solution by solids
may also be used on liquid surface absorption. We also studied the
mechanism of absorbing ammonium salts by soi'l.

Catalyftic phenomenan has a close relationship with surface chem-
istry; therefore, the study of the surface properties of catalysts is.
important to the better understanding of catalystic reactions. Our
work has been concentrated on the study of the activity center of
cracking catalysts from poisoning phenomenon and absorption properties
and of the surface effects when the constituents of catalysts are
changed. From this work we have obtained our preliminary conclusion
about the properties of the catalyst surface activity center.

Another important section of surface chemistry is ion exchange.
Bascd on the special features of the soils of our land, our soil ex-
perts have studied ion exchange of.the soils, established several methods
to measure the quantity of ion exchange, studied the soil acidity-ion
exchange relationship, and ion absorption equilibriuml various physical
chemistry methods have been used to analyze the soil structure.

Greater achievements have been obtained from our liquid and gaseous
spectrum study. Most of the work and most of the accomplishments have
been in the analysis and separation of petroleum, shale oil, gas tar
and in a high speed analytical method .and separation method-for accurate
determination of the complicated composition of some oils. Especially
in the field of gaseous spectrum. research, we. have not, only improved
operational techniques but also* sepprated. systems which still cannot
be done in foreign countries; .,in the field of theoretical study, we
have made some fundamental. contributions and have further explained
the physical significance of the .qualitative index of the volumetric.
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gas spectrum. Starting with. the separation of two different materials,
we have reached the index equation for the thermal spectrum colm•
effect which hes been further expanded to the gas-liquid spectrum.
The .mbalance4 thoorywas also studied.

For the colloidisation of silicic acid, an over-all study on the
polymeriuation mechanism of different acidity silicic acids and the
relationship between the colloidisation rate and ph have been completedj
the curves plotted on the logarithm of conoidization time vs. the
solution initial ph are N-shape curves with a xazimum and m .nimuwn.
Besides* we also studied the effects of preparation conditions for
silica gel on hmidity absorption.

On the subject of .colloid. stability, we measured the poly-precipi-•
tation values of some metal ions upon negative AgBr colloidal solution;
based on these experimental results, we also analySed the effects of
ion valance and ion radius on those values. Some work was done on the
stability of the non-hydrogel soap oil system; from. factors such as
temperature, pressure, gelatinization contraction'rate, titrat-ion,
needle reading, stored oil fraction, cutting stability, viscosity, .and
soap percentage, we carried out research work with different approaches
on the stability of grease (soap oil system) and the results obtained
have practical and theoretical significance.

in the newV. developed field of rheology,, we'. have carried out -a
study on the relationship between viscosity and constituents, of binary.
solutions, and the. f pattern of alumin•m .soap .(binazryand ternary),'
benzene solution. We also carried out a broad and deep penetrating
study of the viscosity method o3z. high pol.y. molecular weight deter-
minaticn. The rAeologioal properties such ..as. .viscosity of solid high
polymers were also investigated. The rheooloiqal property of sand in
water., vWlich -is closely related to water. conservation .wrk, was not.

.emtensLvely studied. Somem, neau ents cceznng the viscosity 'and
precipitating rate of sand--u.ud were taken and calculated. The part
of soil mechanics which is related to colloid chemistry was 'studied.
We. designed a torsion plasticity meter to study the post-transformation
process of rich soil, and also analyzed theoretically the struature of
soils and the mutual relationship among material points.

In conclusion, the accomplishments during the past decade have
qualitatively and quantitatively rmnpassed the total work done during
several decades prior 'to the Liberation. Looking at thie .eeds of our.
country, the research work on colloid chemistry .n the past tenyears.
was certainly insufficient, this is especially true for tradition4.
colloid chemistry and the colloidal, system. In the futuire, ,e.fort ,
should be given to the development of this research work.
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